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(54) FRAME SYNCHRONIZATION METHOD, USER EQUIPMENT, AND BASE STATION

(57) The present invention relates to the communi-
cations field, and provides a frame synchronization meth-
od, user equipment, and a base station, to implement
frame time synchronization in a high-low frequency hy-
brid communications system. The method includes: de-
termining, by user equipment, a first moment at which a
first frequency frame is received; obtaining a receive time
difference, where the receive time difference is a time
difference between a moment at which the user equip-

ment receives a second frequency frame and the mo-
ment at which the user equipment receives the first fre-
quency frame; determining, according to the receive time
difference and the first moment, a start moment for scan-
ning a receive beam corresponding to the second fre-
quency frame; scanning the receive beam at the start
moment; and receiving data sent by using the second
frequency frame, to complete synchronization of the sec-
ond frequency frame.
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Description

[0001] This application claims priority to Chinese Patent Application No. 201511021783.2, filed with the Chinese Patent
Office on December 29, 2015 and entitled "FRAME SYNCHRONIZATION METHOD, USER EQUIPMENT, AND BASE
STATION", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the communications field, and in particular, to a frame synchronization method,
user equipment, and a base station.

BACKGROUND

[0003] As a quantity of mobile terminals increases, users have higher requirements for a data volume, and a high
frequency with rich bandwidth resources is introduced as a backhaul resource and an access frequency, to form a high-
low frequency hybrid communications system, that is, both low-frequency communication and high-frequency commu-
nication can be performed between a base station and UE (User Equipment, user equipment). A beam of a high frequency
needs to be relatively narrow, to ensure a particular transmission distance. However, a coverage area of a narrow beam
system is limited. Therefore, to maximize an antenna gain, narrow-beam scanning alignment needs to be performed
between a transmit end and a receive end. That is, when the transmit end scans a transmit beam, the receive end needs
to scan a corresponding receive beam, so that synchronization of a high frequency frame is implemented. Only in this
way, normal communication can be implemented between the base station and the UE.
[0004] In the current high-low frequency hybrid communications system, the base station has four transmit beams (PI
to P4), and the UE has four receive beams (RX1 to RX4). If it is specified that a transmit beam and a receive beam that
are aligned between the transmit end and the receive end are Z1 and RX1, respectively, the UE needs to receive, by
using the receive beam RX1, all signals transmitted by using the transmit beam Z1. Only in this way, all data sent by
the base station can be received.
[0005] In an actual case, the UE does not know when the base station scans a transmit beam, and therefore is uncertain
about a synchronization point of a high frequency frame of the UE, that is, the UE is uncertain about a receive moment
of the high frequency frame. Therefore, a case shown in FIG. 1 may occur. The UE scans a receive beam RX1 at a
moment between a start moment and an end moment at which the base station scans a transmit beam Z1. In this case,
the UE can never continuously receive a complete signal in the transmit beam Z1 and the receive beam RX1. It can be
learned that, in the prior art, synchronization of the high-frequency frame cannot be implemented between the UE and
the base station, and consequently, the UE cannot receive complete data transmitted by using a high frequency frame.

SUMMARY

[0006] The present invention provides a frame synchronization method, user equipment, and a base station, to im-
plement frame synchronization in a hybrid network of different frequencies.
[0007] To achieve the foregoing objective, embodiments of the present invention use the following technical solutions:
[0008] Frame synchronization is explained first. Completing, by user equipment, synchronization of a first frequency
frame means receiving, by the user equipment, the first frequency frame. A synchronization point of the first frequency
frame is a moment at which the user equipment receives the first frequency frame. Similarly, completing, by the user
equipment, synchronization of a second frequency frame means receiving, by the user equipment, the second frequency
frame. A synchronization point of the second frequency frame is a moment at which the user equipment receives the
second frequency frame. Certainly, the synchronization of the first frequency frame may also be referred to as time
synchronization of the first frequency frame, and the synchronization of the second frequency frame may also be referred
to as time synchronization of the second frequency frame.
[0009] According to a first aspect, a frame synchronization method is disclosed, where the method includes the following
steps.
[0010] First, user equipment completes synchronization of a first frequency frame, and determines a first moment of
the synchronization of the first frequency frame.
[0011] The first moment is a moment at which the user equipment receives the first frequency frame. The user equipment
supports first-frequency communication and second-frequency communication, that is, may support low-frequency com-
munication and high-frequency communication.
[0012] Then, the user equipment obtains a receive time difference, where the receive time difference is a time difference
between a moment at which the user equipment receives a high frequency frame and the moment at which the user
equipment receives the low frequency frame.
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[0013] Next, the user equipment completes synchronization of a second frequency frame according to the receive
time difference and the first moment.
[0014] In a hybrid network communications system of different frequencies, if a first frequency frame and a second
frequency frame are sent in an alignment manner, that is, the first frequency frame and the second frequency frame are
sent at a same moment, and it is assumed that a transmission path of the second frequency frame is the same as that
of the first frequency frame, transmission duration of the second frequency frame is the same as that of the first frequency
frame, and user equipment receives the first frequency frame and the second frequency frame at a same moment.
Actually, the transmission path of the second frequency frame may be different from that of the first frequency frame,
and therefore the transmission duration of the second frequency frame may be different from that of the first frequency
frame. Even if a base station sends the second frequency frame and the first frequency frame simultaneously, the user
equipment receives the second frequency frame and the low frequency frame at different moments, and a time difference
exists.
[0015] Similarly, if a second frequency frame and a first frequency frame are not sent in an alignment manner, a time
difference T exists between a moment at which the base station sends the second frequency frame and a moment at
which the base station sends the first frequency frame. In addition, because of transmission paths, a time difference M
exists between duration for transmitting the second frequency frame to the user equipment and duration for transmitting
the first frequency frame to the user equipment. In this case, when determining the receive time difference, the user
equipment needs to consider both the time difference T and the time difference M. It can be learned that the user
equipment may use a receive moment of the first frequency frame as a reference for calculating a receive moment of
the second frequency frame.
[0016] Further, with reference to the first aspect, in a first possible implementation of the first aspect,
the user equipment may further determine a second moment at which the synchronization of the second frequency
frame is completed, determine a time difference between the first moment and the second moment, and report the time
difference between the first moment and the second moment to a base station.
[0017] For example, the second frequency frame is a high frequency frame. Although the user equipment cannot learn
of a moment at which the base station scans a transmit beam, and therefore cannot determine a receive moment of the
high frequency frame, the user equipment can determine a receive moment of a low frequency frame, and further obtain
a time difference between the receive moment of the high frequency frame and the receive moment of the low frequency
frame, so that the user equipment can determine a scan moment of a receive beam, to complete synchronization of the
high frequency frame. That is, the user equipment can determine the receive moment (that is, the second moment) of
the high frequency frame, and then scan the corresponding receive beam at the determined moment, and receive
complete data.
[0018] It should be noted that the receive time difference obtained by the user equipment is merely a predicted difference
value, and further a determined start moment for scanning the receive beam should also be a predicted moment.
Therefore, when really completing the synchronization of the high frequency frame, the user equipment should determine
an accurate receive moment of the high frequency frame (the second frequency frame), that is, the second moment.
[0019] The time difference herein is an accurate receive time difference. After receiving the time difference, the base
station delivers the time difference to another user equipment (user equipment belonging to a same cell coverage area
as the user equipment), so that the another user equipment can also determine, according to this accurate receive time
difference, an accurate moment for scanning a receive beam, and further complete synchronization of a high frequency
frame.
[0020] With reference to the first aspect, in a second possible implementation of the first aspect, that the user equipment
completes synchronization of the second frequency frame according to the receive time difference and the first moment
specifically includes:
the user equipment determines, according to the receive time difference and the first moment, a start moment for scanning
a receive beam corresponding to the second frequency frame, scans the receive beam at the start moment, and receives
data sent by using the second frequency frame, to complete the synchronization of the second frequency frame.
[0021] With reference to the second possible implementation of the first aspect, in a third possible implementation of
the first aspect, that the user equipment determines, according to the receive time difference and the first moment, a
start moment for scanning a receive beam corresponding to the second frequency frame specifically includes:
the user equipment determines a third moment according to a sum of the receive time difference and the first moment,
and determines that the start moment is at least before the third moment.
[0022] That is, the user equipment may scan, at the third moment, the receive beam corresponding to the second
frequency frame, or scan, before the third moment, the receive beam corresponding to the second frequency frame.
[0023] With reference to the first aspect, in a fourth possible implementation of the first aspect, the user equipment
receives time difference indication information sent by a base station, where the time difference indication information
carries a transmit time difference, and the transmit time difference is a time difference between a transmit moment of
the second frequency frame and a transmit moment of the first frequency frame; and further calculates the receive time
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difference according to the transmit time difference.
[0024] Herein, the base station does not send the second frequency frame and the first frequency frame in an alignment
manner, and therefore the transmit time difference needs to be considered when the receive time difference is calculated.
Certainly, if the transmit time difference is 0, it indicates that the base station sends the second frequency frame and
the first frequency frame in an alignment manner.
[0025] With reference to the fourth possible implementation of the first aspect, in a fifth possible implementation of the
first aspect, the calculating the receive time difference according to the transmit time difference specifically includes:
determining the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on
which the second frequency frame arrives at the user equipment, d1 is a value of a transmission path on which the first
frequency frame arrives at the user equipment, c is a speed of light, and δ is the transmit time difference. The value of
the transmission path is a distance value of the transmission path.
[0026] During specific implementation, regardless of whether the user equipment performs high-low frequency intra-
base-station communication, or the user equipment performs low-frequency communication with a macro base station
and performs high-frequency communication with a micro base station, a transmission path of a second frequency frame
and a transmission path of a first frequency frame may be different. Therefore, a difference between a path value of the
second frequency frame and a path value of the first frequency frame is divided by the speed of the light, to obtain a
difference between transmission duration of the second frequency frame and transmission duration of the first frequency
frame, and then the transmission duration difference and a transmit time difference between a moment at which the
base station sends the second frequency frame and a moment at which the base station sends the first frequency frame
are added, to obtain a moment at which the user equipment receives the second frequency frame.
[0027] With reference to the first aspect, in a sixth possible implementation of the first aspect, the user equipment
obtains the receive time difference by receiving the receive time difference sent by user equipment in a same cell.
[0028] It should be noted that if UE belonging to a same cell coverage area as the user equipment has completed
synchronization of the second frequency frame and determined the receive time difference before the user equipment
does, the UE may notify the user equipment of the receive time difference. During specific implementation, the UE may
directly notify the user equipment of the receive time difference, or may notify the user equipment of a sequence number.
The user equipment determines the receive time difference from a pre-stored receive time difference table according to
the sequence number notified by the UE. For example, if the pre-stored receive time difference table is {-20,-10,-
5,0,4,12,20}, and the sequence number notified by the UE in the same cell is 3, the receive time difference is determined
as -5 (provided that the receive time differences are numbered from 1). Certainly, the base station and the user equipment
use a same rule for numbering receive time differences in a receive time difference table. For example, the base station
starts numbering from 0, and the user equipment also starts numbering from 0.
[0029] Alternatively, the user equipment obtains the receive time difference by receiving the receive time difference
sent by a base station.
[0030] During specific implementation, the base station records the value d2 of the transmission path on which the
second frequency frame arrives at the user equipment, the value d1 of the transmission path on which the first frequency
frame arrives at the user equipment, and the transmit time difference δ. Therefore, the base station can determine the
receive time difference Δ according to Δ=(d2-d1)/c+δ.
[0031] Alternatively, the user equipment receives a time sequence number X sent by a base station, and determines
an Xth receive time difference in a pre-stored receive time difference table as the receive time difference, where N
different receive time differences are recorded in the receive time difference table, and N is an integer greater than or
equal to 1.
[0032] During specific implementation, the base station may determine a receive time difference Δ according to
Δ=(d2-d1)/c+δ, and then determine, as X, a sequence number of a largest receive time difference in time differences
less than Δ in a receive time difference table. Certainly, the receive time difference table on a base station side is the
same as the receive time difference table pre-stored by the user equipment.
[0033] Alternatively, the user equipment determines the receive time difference according to a pre-stored value range
of the receive time difference.
[0034] With reference to the fifth possible implementation of the first aspect, in a seventh possible implementation of
the first aspect, the method further includes:

receiving scenario indication information delivered by the base station, and determining a scenario of the user
equipment according to the scenario indication information; and

determining a value of (d2-d1) according to the scenario of the user equipment.

[0035] According to a second aspect, a frame synchronization method is disclosed, where the method includes:
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determining, by a base station, a receive time difference, where the receive time difference is a time difference
between a moment at which first user equipment receives a second frequency frame and a moment at which the
first user equipment receives a first frequency frame; and
sending, by the base station, the receive time difference to the first user equipment, so that the first user equipment
completes synchronization of the second frequency frame according to the receive time difference and a moment
at which the first user equipment completes synchronization of the first frequency frame.

[0036] With reference to the second aspect, in a first possible implementation of the second aspect, the determining,
by a base station, a receive time difference specifically includes:

obtaining, by the base station, a transmit time difference, where the transmit time difference is a time difference
between a transmit moment of the second frequency frame and a transmit moment of the first frequency frame; and
determining the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on
which the second frequency frame arrives at the first user equipment, d1 is a value of a transmission path on which
the first frequency frame arrives at the first user equipment, c is a speed of light, and δ is the transmit time difference.

[0037] With reference to the second aspect, in a second possible implementation of the second aspect, the determining,
by a base station, a receive time difference specifically includes:

receiving a time difference, reported by second user equipment, between a first moment at which the second user
equipment receives the first frequency frame and a second moment at which the second user equipment completes
synchronization of the second frequency frame, where the second user equipment and the first user equipment
belong to a same cell; and
determining the time difference as the receive time difference.

[0038] Certainly, before determining the receive time difference, the base station may receive the time difference,
reported by the second user equipment, between the first moment at which the second user equipment receives the
first frequency frame and the second moment at which the second user equipment completes the synchronization of
the second frequency frame.
[0039] According to a third aspect, user equipment is disclosed, where the user equipment supports first-frequency
communication and second-frequency communication, and includes:

a frame synchronization unit, configured to complete synchronization of a first frequency frame;
a determining unit, configured to determine a first moment at which the user equipment completes the synchronization
of the first frequency frame; and
an obtaining unit, configured to obtain a receive time difference, where the receive time difference is a time difference
between a moment at which the user equipment receives a second frequency frame and a moment at which the
user equipment receives a first frequency frame, where
the frame synchronization unit is configured to complete synchronization of the second frequency frame according
to the receive time difference obtained by the obtaining unit and the first moment determined by the determining unit.

[0040] With reference to the third aspect, in a first possible implementation of the third aspect,
the determining unit is further configured to determine a second moment at which the synchronization of the second
frequency frame is completed.
[0041] Although the user equipment cannot learn of a moment at which a base station scans a transmit beam, and
therefore cannot determine the receive moment of the second frequency frame, the user equipment can determine the
receive moment of the first frequency frame, and further obtain the time difference between the receive moment of the
second frequency frame and the receive moment of the first frequency frame, so that the user equipment can determine
the receive moment (that is, the second moment) of the second frequency frame, and then scan a corresponding receive
beam at the determined moment, and receive complete data.
[0042] The determining unit is further configured to determine a time difference between the first moment and the
second moment.
[0043] A sending unit is configured to report the time difference between the first moment and the second moment to
a base station.
[0044] With reference to the third aspect, in a second possible implementation of the third aspect, the determining unit
is specifically configured to:

determine, according to the receive time difference and the first moment, a start moment for scanning a receive
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beam corresponding to the second frequency frame; and
scan the receive beam at the start moment determined by the determining unit, and receive data sent by using the
second frequency frame, to complete the synchronization of the second frequency frame.

[0045] With reference to the second possible implementation of the third aspect, in a third possible implementation of
the third aspect, the determining unit is specifically configured to: determine a third moment according to a sum of the
receive time difference and the first moment, and determine that the start moment is at least before the third moment.
[0046] With reference to the third aspect, in a fourth possible implementation of the third aspect,
the obtaining unit is specifically configured to:

receive time difference indication information sent by a base station, where the time difference indication information
carries a transmit time difference, and the transmit time difference is a time difference between a transmit moment
of the second frequency frame and a transmit moment of the first frequency frame; and
calculate the receive time difference according to the transmit time difference.

[0047] With reference to the fourth possible implementation of the third aspect, in a fifth possible implementation of
the third aspect, the obtaining unit is specifically configured to:
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on which
the second frequency frame arrives at the user equipment, d1 is a value of a transmission path on which the first frequency
frame arrives at the user equipment, c is a speed of light, and δ is the transmit time difference.
[0048] With reference to the third aspect, in a sixth possible implementation of the third aspect, the obtaining unit is
specifically configured to receive the receive time difference sent by user equipment in a same cell; or
receive the receive time difference sent by a base station; or
receive a time sequence number X sent by a base station, and determine an Xth receive time difference in a pre-stored
receive time difference table as the receive time difference; or
determine the receive time difference according to a pre-stored value range of the receive time difference.
[0049] With reference to the fifth possible implementation of the third aspect, in a seventh possible implementation of
the third aspect, the obtaining unit is specifically configured to: receive scenario indication information delivered by the
base station, determine a scenario of the user equipment according to the scenario indication information, and determine
a value of (d2-d1) according to the scenario of the user equipment.
[0050] According to a fourth aspect, a base station is disclosed, where the base station includes:

a determining unit, configured to determine a receive time difference, where the receive time difference is a time
difference between a moment at which first user equipment receives a second frequency frame and a moment at
which the first user equipment receives a first frequency frame; and
a sending unit, configured to send the receive time difference to the first user equipment, so that the first user
equipment completes synchronization of the second frequency frame according to the receive time difference and
a moment at which the first user equipment completes synchronization of the first frequency frame.

[0051] With reference to the fourth aspect, in a first possible implementation of the fourth aspect,
the determining unit is specifically configured to: obtain a transmit time difference, where the transmit time difference is
a time difference between a transmit moment of the second frequency frame and a transmit moment of the first frequency
frame; and
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on which
the second frequency frame arrives at the first user equipment, d1 is a value of a transmission path on which the first
frequency frame arrives at the first user equipment, c is a speed of light, and δ is the transmit time difference.
[0052] With reference to the fourth aspect, in a second possible implementation of the fourth aspect, the base station
further includes a receiving unit, where
the receiving unit is configured to receive a time difference, reported by second user equipment, between a first moment
at which the second user equipment receives the first frequency frame and a second moment at which the second user
equipment completes synchronization of the second frequency frame, where the second user equipment and the first
user equipment belong to a same cell; and
the determining unit is specifically configured to determine the time difference as the receive time difference.
[0053] According to the frame synchronization method, the user equipment, and the base station provided in the
present invention, the receive time difference between the moment at which the user equipment receives the second
frequency frame and the moment at which the user equipment receives the first frequency frame can be obtained, and
the synchronization of the second frequency frame is implemented according to the receive time difference and the first
moment of the synchronization of the first frequency frame. It can be learned that according to the method provided in
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the present invention, frame synchronization can be implemented in a hybrid network of different frequencies.

BRIEF DESCRIPTION OF DRAWINGS

[0054] To describe the technical solutions in the embodiments of the present invention or in the prior art more clearly,
the following briefly introduces the accompanying drawings required for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following description show merely some embodiments of the present
invention, and a person of ordinary skill in the art may still derive other drawings from these accompanying drawings
without creative efforts.

FIG. 1 is a schematic diagram of receiving a high frequency frame by user equipment in the prior art;
FIG. 2 is a schematic flowchart of a frame synchronization method according to Embodiment 1 of the present
invention;
FIG. 3 is an architectural diagram of a high-low frequency hybrid communications system according to an embodiment
of the present invention;
FIG. 4 is another architectural diagram of a high-low frequency hybrid communications system according to an
embodiment of the present invention;
FIG. 5 is a schematic flowchart of a frame synchronization method according to Embodiment 2 of the present
invention;
FIG. 6 is a schematic diagram of sending a high frequency frame and a low frequency frame according to Embodiment
2 of the present invention;
FIG. 6a is another schematic diagram of sending a high frequency frame and a low frequency frame according to
Embodiment 2 of the present invention;
FIG. 7 is a schematic diagram of receiving a high frequency frame and a low frequency frame according to Embod-
iment 2 of the present invention;
FIG. 8 is a schematic diagram of obtaining a receive time difference by user equipment according to Embodiment
2 of the present invention;
FIG. 9 is a schematic flowchart of a frame synchronization method according to Embodiment 3 of the present
invention;
FIG. 10 is a structural block diagram of user equipment according to Embodiment 4 of the present invention;
FIG. 10a is another structural block diagram of user equipment according to Embodiment 4 of the present invention;
FIG. 11 is a structural block diagram of a base station according to Embodiment 5 of the present invention;
FIG. 11a is another structural block diagram of a base station according to Embodiment 5 of the present invention;
FIG. 12 is a structural block diagram of user equipment according to Embodiment 6 of the present invention; and
FIG. 13 is a structural block diagram of a base station according to Embodiment 7 of the present invention.

DESCRIPTION OF EMBODIMENTS

[0055] The following clearly describes the technical solutions in the embodiments of the present invention with reference
to the accompanying drawings in the embodiments of the present invention. Apparently, the described embodiments
are merely some but not all of the embodiments of the present invention. All other embodiments obtained by a person
of ordinary skill in the art based on the embodiments of the present invention without creative efforts shall fall within the
protection scope of the present invention.

Embodiment 1

[0056] This embodiment of the present invention provides a frame synchronization method. As shown in FIG. 2, the
method includes the following steps.
[0057] S101. User equipment completes synchronization of a first frequency frame, and determines a first moment of
the synchronization of the first frequency frame.
[0058] It should be noted that the first frequency frame may be a low frequency frame. In the present invention, a
frequency range of the low frequency frame has been described, and details are not described herein again. In addition,
the user equipment supports first-frequency communication and second-frequency communication.
[0059] During specific implementation, the user equipment may receive a synchronization signal sent by a base station,
and determine the first moment according to the synchronization signal.
[0060] S102. The user equipment obtains a receive time difference, where the receive time difference is a time differ-
ence between a moment at which the user equipment receives a second frequency frame and a moment at which the
user equipment receives a first frequency frame.
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[0061] The second frequency frame may be a high frequency frame.
[0062] S103. The user equipment completes synchronization of the second frequency frame according to the receive
time difference and the first moment.
[0063] During specific implementation, a third moment may be determined according to the receive time difference
and the first moment, and the second frequency frame is received at least before the third moment, so that the synchro-
nization of the second frequency frame is completed.
[0064] According to the frame synchronization method in this embodiment of the present invention, the user equipment
determines the first moment of the synchronization of the first frequency frame, obtains the receive time difference (that
is, the time difference between the moment at which the user equipment receives the second frequency frame and the
moment at which the user equipment receives the first frequency frame), and determines, according to the receive time
difference and the first moment, the receive moment of the second frequency frame, to implement the synchronization
of the second frequency frame. In the prior art, the user equipment is uncertain about a synchronization point of each
type of frequency frame in a hybrid network of different frequencies (for example, cannot implement synchronization of
a high frequency frame) and cannot implement time synchronization between the user equipment and the base station,
and therefore the user equipment cannot receive complete data. According to the method provided in the present
invention, the user equipment can determine the receive moment of the second frequency frame, and further implement
frame synchronization in the hybrid network of different frequencies.

Embodiment 2

[0065] The frame synchronization method provided in the present invention may be applied to a high-low frequency
hybrid communications system. User equipment may perform both high-frequency communication and low-frequency
communication with a same base station (that is, high-low frequency intra-base-station communication). Alternatively,
user equipment performs low-frequency communication with a macro base station, and performs high-frequency com-
munication with a micro base station. The low-frequency communication is communication implemented by using a low
frequency signal. Similarly, the high-frequency communication is communication implemented by using a high frequency
frame.
[0066] The following describes in detail the frame synchronization method provided in the present invention, by as-
suming that a second frequency frame is a high frequency frame and a first frequency frame is a low frequency frame.
A frequency corresponding to the first frequency frame is a first frequency, and a frequency corresponding to the second
frequency frame is a second frequency. Signals include a low frequency (Low Frequency, LF) signal, a high frequency
(High Frequency, HF) signal, and the like. A frequency of the low frequency signal is below 6 GHz, and a frequency of
the high frequency signal is above 6 GHz. Certainly, the first frequency is not limited to being below 6 GHz, and the
second frequency is not limited to being above 6 GHz. The first frequency and the second frequency are not limited in
the present invention, provided that during specific implementation, the first frequency and the second frequency are
different and the first frequency frame and the second frequency frame are different. The low frequency signal is trans-
mitted in uplink and downlink by using a low frequency frame, and the high frequency signal is transmitted in uplink and
downlink by using a high frequency frame. The high frequency frame has a similar frame structure to a low frequency
frame in an LTE system. However, a difference lies in that the high frequency frame is sent and received by using a
narrow beam, and strict narrow-beam scanning alignment needs to be ensured between a transmit end and a receive
end. For example, it is assumed that a transmit beam and a receive beam that are aligned between a base station and
user equipment are Z1 and R1, respectively. At a start moment at which the base station scans Z1, the user equipment
needs to scan R1. Only in this way, time synchronization between the user equipment and the base station can be
ensured, and a complete signal in the transmit beam Z1 and the receive beam R1 can be received.
[0067] In addition, it should be noted that, completing, by the user equipment, synchronization of a low frequency
frame means receiving, by the user equipment, the low frequency frame. A synchronization point of the low frequency
frame is a moment at which the user equipment receives the low frequency frame. Similarly, completing, by the user
equipment, synchronization of a high frequency frame means receiving, by the user equipment, the high frequency
frame. A synchronization point of the high frequency frame is a moment at which the user equipment receives the high
frequency frame. Certainly, the synchronization of the low frequency frame may also be referred to as time synchronization
of the low frequency frame, and the synchronization of the high frequency frame may also be referred to as time
synchronization of the high frequency frame.
[0068] The high-low frequency hybrid communications system may be shown in FIG. 3 and FIG. 4. Referring to FIG.
3, user equipment performs low-frequency communication with a macro base station, and performs high-frequency
communication with a micro base station. Referring to FIG. 4, user equipment may perform both high-frequency com-
munication and low-frequency communication with a base station. A transmission path of a high frequency frame is first
described. Referring to FIG. 4, transmission paths of the high frequency frame may be classified into a LOS (Line of
Sight, line of sight) and an NLOS (Non Line of Sight, non line of sight). LOS transmission means that a transmission
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path of a high frequency frame between a base station and user equipment is approximately a path indicated by a line
between the base station and the user equipment. NLOS transmission means that a transmission path of a signal (that
is, a high frequency frame) changes due to a reflective surface, but a low frequency frame is still transmitted by using
an LOS. As a result, in a high-low frequency intra-base-station communication scenario shown in FIG. 4, a transmission
path of a high frequency frame and a transmission path of a low frequency frame are still different.
[0069] In a scenario shown in FIG. 3, even if both a low frequency frame sent by the macro base station and a high
frequency frame sent by the micro base station are transmitted by using a LOS, a transmission path of the low frequency
frame sent by the macro base station and a transmission path of the high frequency frame sent by the micro base station
are different. If a low frequency frame is transmitted by using a LOS, and a high frequency frame is transmitted by using
an NLOS, a transmission path of the low frequency frame sent by the macro base station and a transmission path of
the high frequency frame sent by the micro base station are still different.
[0070] In the scenarios in FIG. 3 and FIG. 4, if a high frequency frame and a low frequency frame are sent in an
alignment manner, that is, the high frequency frame and the low frequency frame are sent at a same moment, and it is
assumed that a transmission path of the high frequency frame is the same as that of the low frequency frame, transmission
duration of the high frequency frame is the same as that of the low frequency frame, and the user equipment receives
the high frequency frame and the low frequency frame at a same moment. Actually, the transmission path of the high
frequency frame is different from that of the low frequency frame, and therefore the transmission duration of the high
frequency frame is different from that of the low frequency frame. Even if a base station sends the high frequency frame
and the low frequency frame simultaneously, the user equipment receives the high frequency frame and the low frequency
frame at different moments, and a time difference exists.
[0071] Similarly, if a high frequency frame and a low frequency frame are not sent in an alignment manner, a time
difference T exists between a moment at which the base station sends the high frequency frame and a moment at which
the base station sends the low frequency frame. In addition, because of transmission paths, a time difference M exists
between duration for transmitting the high frequency frame to the user equipment and duration for transmitting the low
frequency frame to the user equipment. In this case, when determining a receive time difference, the user equipment
needs to consider both the time difference T and the time difference M. It can be learned that the user equipment may
use a receive moment of the low frequency frame as a reference for calculating a receive moment of the high frequency
frame.
[0072] Based on this, a principle of the present invention is as follows: User equipment first implements synchronization
of a low frequency frame according to a low-frequency synchronization signal, determines a receive moment of the low
frequency frame, and obtains a receive time difference between the receive moment of the low frequency frame and a
receive moment of a high frequency frame, and further can calculate the receive moment of the high frequency frame
according to the receive moment of the low frequency frame and the receive time difference.
[0073] This embodiment of the present invention provides a frame synchronization method, applied to the high-low
frequency hybrid communications system shown in FIG. 3 or FIG. 4. As shown in FIG. 5, the method includes the
following steps.
[0074] 101. A base station sends a low-frequency synchronization signal to user equipment.
[0075] In this embodiment, for example, a first frequency frame is a low frequency frame and a second frequency
frame is a high frequency frame. The low-frequency synchronization signal is used to determine a first moment at which
the user equipment receives the low frequency frame. Usually, the base station may send the low-frequency synchro-
nization signal to the user equipment, so that the user equipment determines when to receive the low frequency frame.
[0076] It should be noted that in the scenario shown in FIG. 3, the macro base station performs low-frequency com-
munication with the user equipment, and therefore the macro base station sends the low-frequency synchronization
signal to the user equipment. In addition, in the scenario shown in FIG. 4, the macro base station is mainly used, and
the macro base station records a moment at which the micro base station sends a high frequency frame and a time
difference between a moment at which the macro base station sends a low frequency frame and the moment at which
the micro base station sends the high frequency frame. In the scenario shown in FIG. 4, high-low frequency intra-base-
station communication is performed, that is, the base station in FIG. 4 sends the low-frequency synchronization signal
to the user equipment.
[0077] 102. The user equipment receives the low-frequency synchronization signal sent by the base station, completes
synchronization of a low frequency frame according to the low-frequency synchronization signal, and determines a first
moment of the synchronization of the low frequency frame.
[0078] It should be noted that, completing, by the user equipment, synchronization of a low frequency frame means
receiving, by the user equipment, the low frequency frame. A synchronization point of the low frequency frame is a
moment at which the user equipment receives the low frequency frame.
[0079] A detailed solution for implementing synchronization of a low frequency frame (that is, determining a receive
moment of the low frequency frame) according to a low-frequency synchronization signal sent by a base station is
provided in an existing frame synchronization technology, and details are not described herein. For example, the low-
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frequency synchronization signal may be a 10- ms bit sequence, a receive end sequentially receives the 10- ms bit
sequence, performs multiplication and addition operations, and determines a moment corresponding to a largest calcu-
lated value as a moment at which the receive end receives the low frequency frame, that is, the first moment.
[0080] It should be noted that only one implementation of completing, by the user equipment, the synchronization of
the low frequency frame is provided in step 101 and step 102, and the user equipment may determine the receive
moment of the low frequency frame in another manner, to complete the synchronization of the low frequency frame.
This is not limited herein.
[0081] 103. The user equipment obtains a receive time difference.
[0082] The receive time difference is a time difference between a moment at which the user equipment receives the
high frequency frame and the moment at which the user equipment receives the low frequency frame.
[0083] During specific implementation, the user equipment may obtain the receive time difference in the following five
manners:

1. The user equipment receives time difference indication information sent by the base station, and calculates the
receive time difference according to a transmit time difference carried in the time difference indication information.
The transmit time difference is a time difference between a transmit moment of the high frequency frame and a
transmit moment of the low frequency frame. Herein, the base station does not send the high frequency frame and
the low frequency frame in an alignment manner, and therefore the transmit time difference needs to be considered
when the receive time difference is calculated. Certainly, if the transmit time difference is 0, it indicates that the base
station sends the high frequency frame and the low frequency frame in an alignment manner.
A frame structure of the high frequency frame and a frame structure of the low frequency frame are shown in FIG.
6. Each subframe of the high frequency frame and each subframe of the low frequency frame may be 1 ms long.
Referring to FIG. 6, the base station may first send the high frequency frame and then send the low frequency frame,
that is, the transmit time difference δ is less than 0. Alternatively, the base station may first send the low frequency
frame and then send the high frequency frame. In this case, the transmit time difference δ’ is greater than 0. Certainly,
in the scenario shown in FIG. 4, both the high frequency frame and the low frequency frame are sent by the base
station in the figure, and therefore the time difference indication information is also sent by the base station shown
in FIG. 4. In the scenario shown in FIG. 3, the high frequency frame is sent by the micro base station, and the low
frequency frame is sent by the macro base station. The macro base station records the moment at which the macro
base station sends the low frequency frame, and when sending the high frequency frame, the micro base station
sends indication information to the macro base station, to notify the macro base station of the transmit moment of
the high frequency frame. Therefore, the macro base station can determine the transmit time difference. Further,
the time difference indication information is indicated by the macro base station to the user equipment.
In addition, as shown in FIG. 6a, each time before sending a high frequency frame, the base station needs to perform
adaptive adjustment in a period of time (duration is a), where a represents a time difference between a transmit
time point of a high-frequency synchronization signal and a transmit time point of the high frequency frame. The
time difference a is fixed, and both the user equipment and the base station record the time difference. In a scenario
shown in FIG. 6a, after obtaining the receive time difference Δ, the user equipment needs to adjust, according to
Δ+a, a start moment for scanning a receive beam corresponding to the high frequency frame. For example, if the
first moment (that is, the synchronization point of the low-frequency frame) is determined as T, a third moment is
determined as T+Δ+a, and it is determined that the start moment for scanning the receive beam is at least before
the third moment. It should be noted that when a=0, the foregoing scenario shown in FIG. 6 is applied.
Further, the calculating the receive time difference according to the transmit time difference specifically includes:
determining the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on
which the high frequency frame arrives at the user equipment, d1 is a value of a transmission path on which the low
frequency frame arrives at the user equipment, c is a speed of light, and δ is the transmit time difference. The value
of the transmission path is a distance value of the transmission path.
For example, referring to FIG. 6, when the base station sends a high frequency frame earlier than a low frequency
frame, a time difference is δ (less than 0), and it is assumed that (d2-d1)/c is T, the second moment may be shown
in FIG. 7. When a value of a transmission path on which the high frequency frame arrives at the user equipment is
greater than a value of a transmission path on which the low frequency frame arrives at the user equipment, T is
greater than 0, that is, transmission duration of the high frequency frame is greater than transmission duration of
the low frequency frame. In this case, because δ is less than 0 and T is greater than 0, an absolute value of (T+δ)
is less than an absolute value of δ, and further, a time difference between a moment at which the user equipment
receives the low frequency frame and a moment at which the user equipment receives the high frequency frame in
FIG. 7 is less than the time difference between a moment at which the base station sends the low frequency frame
and a moment at which the base station sends the high frequency frame in FIG. 6. In addition, a synchronization
point of a high frequency frame is a moment at which the high frequency frame is received provided that synchro-
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nization of the high frequency frame can be implemented. A synchronization point of a low frequency frame is a
receive moment that is of the low frequency frame and that is determined according to a low-frequency synchroni-
zation signal.
During specific implementation, regardless of whether the user equipment performs high-low frequency intra-base-
station communication, or the user equipment performs low-frequency communication with a macro base station
and performs high-frequency communication with a micro base station, a transmission path of a high frequency
frame and a transmission path of a low frequency frame may be different. Therefore, a difference between a path
value of the high frequency frame and a path value of the low frequency frame is divided by the speed of the light,
to obtain a difference between transmission duration of the high frequency frame and transmission duration of the
low frequency frame, and then the transmission duration difference and a transmit time difference between a moment
at which the base station sends the high frequency frame and a moment at which the base station sends the low
frequency frame are added, to obtain a moment at which the user equipment receives the high frequency frame.
For example, referring to FIG. 4, a value of a transmission path of the high frequency frame is A+B, and a value of
a transmission path of the low frequency frame is C. A+B is used as d2 and C is used as d1 in the formula Δ=(d2-d1)/c+δ,
and the receive time difference Δ can be calculated.
2. The user equipment obtains the receive time difference by receiving the receive time difference sent by user
equipment in a same cell.
It should be noted that the user equipment in the same cell learns of the receive time difference in advance. The
receive time difference may be determined after the user equipment in the same cell completes synchronization of
a high frequency frame, or may be indicated by the base station to the user equipment in the same cell.
For example, as shown in FIG. 8, if UE 2 belonging to a same cell coverage area as the user equipment (UE 1) has
completed synchronization of a high frequency frame and determined the receive time difference before the user
equipment does, the UE 2 may notify the user equipment of the receive time difference. During specific implemen-
tation, the UE 2 may directly notify the user equipment of the receive time difference, or may notify the user equipment
of a sequence number. The user equipment determines the receive time difference from a pre-stored receive time
difference table according to the sequence number notified by the UE 2. For example, if the receive time difference
table pre-stored by the UE 1 is {-20,-10,-5,0,4,12,20}, and the sequence number notified by the UE 2 is 3, the receive
time difference is determined as -5 (provided that the receive time differences are numbered from 1). Certainly, the
base station and the user equipment use a same rule for numbering receive time differences in a receive time
difference table. For example, the base station starts numbering from 0, and the user equipment also starts numbering
from 0.
3. The user equipment obtains the receive time difference by receiving the receive time difference sent by the base
station.
During specific implementation, the base station records the value d2 of the transmission path on which the high
frequency frame arrives at the user equipment, the value d1 of the transmission path on which the low frequency
frame arrives at the user equipment, and the transmit time difference δ. Therefore, the base station can determine
the receive time difference Δ according to Δ=(d2-d1)/c+δ.
It should be noted that the macro base station in the scenario shown in FIG. 3 or the base station in the scenario
shown in FIG. 4 sends the receive time difference to the user equipment herein.
4. That the user equipment obtains a receive time difference specifically includes:
receiving a time sequence number X sent by the base station, and determining an Xth receive time difference in a
pre-stored receive time difference table as the receive time difference.
During specific implementation, the base station may determine a receive time difference Δ according to
Δ=(d2-d1)/c+δ, and then determine, as X, a sequence number of a largest receive time difference in time differences
less than Δ in a receive time difference table. Certainly, the receive time difference table on a base station side is
the same as the receive time difference table pre-stored by the user equipment.
5. The user equipment receives scenario indication information delivered by the base station, determines a scenario
of the user equipment according to the scenario indication information, and determines a value of (d2-d1) according
to the scenario of the user equipment.

[0084] For example, both the base station and the user equipment pre-store value ranges of the receive time difference,
and the value ranges of the receive time difference that are pre-stored by the base station and the user equipment are
the same. For example, both the base station and the user equipment store δ∈[δmin,δmax]. If the user equipment deter-
mines, according to the scenario indication information from the base station, that a current application scenario is the
scenario shown in FIG. 3, the user equipment determines that a high-low frequency frame receive time difference exists
when the user equipment is farthest from the macro base station (that is, in a cell edge of the macro base station) and
is at a shortest distance (equal to 0) from the micro base station. It is assumed that the inter-site distance of the macro
base stations, ISD=500 m, in consideration of an NLOS, a maximum transmission distance of the macro base station
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should not exceed 450 m. Assuming that δ=δmin=10 ms, 

[0085] That is, a synchronization point of a high frequency frame is a maximum of 11.5 ms earlier than a synchronization
point of a low frequency frame.
[0086] If the user equipment determines, according to the scenario indication information from the base station, that
a current application scenario is the scenario shown in FIG. 4, due to high-low frequency intra-base-station communi-
cation, a largest time difference is less than that in the scenario shown in FIG. 3. For example, due to NLOS transmission,
a transmission distance of a low frequency signal is a maximum of 450 m longer than that of a high frequency signal
transmitted by using a LOS, and δ=δmin=-2 ms (due to the high-low frequency intra-base-station communication), and
therefore 

[0087] That is, a synchronization point of a high frequency frame is a maximum of 3.5 ms earlier than a synchronization
point of a low frequency frame.
[0088] In addition, if the user equipment cannot receive the scenario indication information from the base station, a
value is determined from the pre-stored value range δ∈[δmin,δmax] of the receive time difference. For example, it is
determined that δ=δmin.
[0089] 104. The user equipment completes synchronization of a high frequency frame according to the receive time
difference and the first moment.
[0090] It should be noted that, the completing, by the user equipment, synchronization of a high frequency frame
means receiving, by the user equipment, the high frequency frame. A synchronization point of the high frequency frame
is a moment at which the user equipment receives the high frequency frame.
[0091] During specific implementation, the user equipment determines, according to the receive time difference and
the first moment, a start moment for scanning a receive beam corresponding to the high frequency frame, scans the
receive beam at the start moment, and receives data sent by using the high frequency frame, to complete the synchro-
nization of the high frequency frame.
[0092] Further, that the user equipment determines, according to the receive time difference and the first moment, a
start moment for scanning a receive beam corresponding to the high frequency frame is specifically: determining a third
moment according to a sum of the receive time difference and the first moment, and determining that the start moment
is at least before the third moment.
[0093] For example, if a difference between a moment at which the base station sends the high frequency frame and
a moment at which the base station sends the low frequency frame is T, and a difference between transmission duration
of the high frequency frame and transmission duration of the low frequency frame is M, the receive time difference is
T+M. If T+M is greater than 0, a receive moment of the high frequency frame is later than a receive moment of the low
frequency frame. If T+M is less than 0, a receive moment of the high frequency frame is before a receive moment of the
low frequency frame. For example, if the first moment is a subframe #n, and T+M is greater than 0, the third moment
may be a subframe #(n+T+M). Certainly, the third moment may alternatively be before the subframe #(n+T+M).
[0094] Further, the frame synchronization method provided in this embodiment may further include step 105.
[0095] 105. The user equipment determines a second moment of the synchronization of the high frequency frame,
determines a time difference between the first moment and the second moment, and reports the time difference between
the first moment and the second moment to the base station.
[0096] It should be noted that the receive time difference obtained by the user equipment is merely a predicted difference
value, and further the determined start moment for scanning the receive beam should also be a predicted moment.
Therefore, when really completing the synchronization of the high frequency frame, the user equipment should determine
an accurate receive moment of the second high frequency frame, that is, the second moment.
[0097] Although the user equipment cannot learn of a moment at which the base station scans a transmit beam, and
therefore cannot determine the receive moment of the high frequency frame, the user equipment can determine the
receive moment of the low frequency frame, and further obtain the time difference between the receive moment of the
high frequency frame and the receive moment of the low frequency frame, so that the user equipment can determine
the start moment for scanning the corresponding receive beam, scan the receive beam at the start moment, and receive
complete data, to implement the synchronization of the high frequency frame, and receive complete data. In addition,
the user equipment can determine the accurate second moment at which the high frequency frame is received.
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[0098] The time difference herein is an accurate receive time difference. After receiving the time difference, the base
station delivers the time difference to another user equipment (user equipment belonging to a same cell coverage area
as the user equipment), so that the another user equipment can also determine, according to this accurate receive time
difference, an accurate moment for scanning a receive beam, and further complete synchronization of a high frequency
frame.
[0099] According to the frame synchronization method in this embodiment of the present invention, the user equipment
receives the low-frequency synchronization signal sent by the base station, determines, according to the low-frequency
synchronization signal, the first moment at which the low frequency frame is received, obtains the receive time difference
(that is, the time difference between the moment at which the user equipment receives the high frequency frame and
the moment at which the user equipment receives the low frequency frame), determines, according to the receive time
difference and the first moment, the start moment for scanning the corresponding receive beam, and receives the data
transmitted by using the high frequency frame, to implement the synchronization of the high frequency frame;. In addition,
the user equipment determines the second moment at which the high frequency frame is received, and reports the time
difference between the first moment and the second moment to a base station. In the prior art, the user equipment does
not know when the base station scans a transmit beam, and therefore is uncertain about a synchronization point of the
high frequency frame (that is, a receive moment of the high frequency frame) and cannot implement time synchronization
between the user equipment and the base station, and the user equipment cannot receive complete data that is transmitted
by using the high frequency frame. According to the method provided in the present invention, the user equipment can
determine the receive moment of the high frequency frame, and further implement synchronization of the high frequency
frame in the high-low frequency hybrid communications system, so that the user equipment can receive the complete
data that is transmitted by using the high frequency frame.

Embodiment 3

[0100] This embodiment of the present invention provides a frame synchronization method. As shown in FIG. 9, the
method includes the following steps.
[0101] 201. A base station determines a receive time difference.
[0102] The receive time difference is a time difference between a moment at which first user equipment receives a
second frequency frame and a moment at which the first user equipment receives a first frequency frame. The first
frequency frame may be a low frequency frame, and the second frequency frame is a high frequency frame.
[0103] During specific implementation, the base station may obtain the receive time difference in the following two
manners.

1. The base station obtains a transmit time difference, where the transmit time difference is a time difference between
a transmit moment of the second frequency frame and a transmit moment of the first frequency frame; and determines
the receive time difference Δ according to Δ=(d2-d1)/c+δ.
In the foregoing formula, d2 is a value of a transmission path on which the second frequency frame arrives at the
first user equipment, d1 is a value of a transmission path on which the first frequency frame arrives at the first user
equipment, c is a speed of light, and δ is the transmit time difference.
2. The base station receives a time difference, reported by second user equipment, between a first moment at which
the second user equipment receives the first frequency frame and a second moment at which the second user
equipment completes synchronization of the second frequency frame; and determines the time difference as the
receive time difference.

[0104] The second user equipment and the first user equipment belong to a same cell.
[0105] It should be noted that the receive time difference determined in the first manner is a predicted value. The user
equipment may determine a moment according to the receive time difference and the receive moment of the first frequency
frame, scan a receive beam at least before the moment, and receive complete data, to implement the synchronization
of the second frequency frame. The receive time difference determined in the second manner is an accurate value. The
user equipment may determine a moment according to a sum of the receive time difference and the receive moment of
the first frequency frame, and scan a receive beam at the moment, to implement the synchronization of the second
frequency frame.
[0106] 202. The base station sends the receive time difference to the first user equipment, so that the first user
equipment completes synchronization of a second frequency frame according to the receive time difference.
[0107] The base station in this embodiment of the present invention indicates the receive time difference to the user
equipment, so that the user equipment determines, according to the receive time difference and the first moment, a start
moment for scanning the corresponding receive beam, and receives the data transmitted by using the second frequency
frame, to implement the synchronization of the second frequency frame. In addition, the user equipment determines the
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second moment at which the second frequency frame is received, to complete the synchronization of the second frequency
frame. In the prior art, the user equipment does not know when the base station scans a transmit beam, and therefore
is uncertain about a synchronization point of the second frequency frame and cannot implement time synchronization
between the user equipment and the base station. According to the method provided in the present invention, the receive
moment of the second frequency frame can be determined, so that synchronization (that is, time synchronization) of the
second frequency frame is implemented in a high-low frequency hybrid communications system.

Embodiment 4

[0108] This embodiment of the present invention provides user equipment. As shown in FIG. 10, the user equipment
includes a frame synchronization unit 301, a determining unit 302, and an obtaining unit 303. The frame synchronization
unit 301 is configured to complete synchronization of a first frequency frame. The user equipment supports first-frequency
communication and second-frequency communication.
[0109] The determining unit 302 is configured to determine a first moment of the synchronization of the first frequency
frame.
[0110] During specific implementation, a low-frequency synchronization signal sent by a base station may be received
by using a receiving unit, the synchronization of the first frequency frame is implemented according to the low-frequency
synchronization signal, and the first moment is determined.
[0111] The obtaining unit 303 is configured to obtain a receive time difference. The receive time difference is a time
difference between a moment at which the user equipment receives a second frequency frame and a moment at which
the user equipment receives a first frequency frame.
[0112] The frame synchronization unit 301 is configured to complete synchronization of the second frequency frame
according to the receive time difference obtained by the obtaining unit and the first moment determined by the determining
unit.
[0113] As shown in FIG. 10a, the user equipment further includes a sending unit 304.
[0114] The determining unit 302 is further configured to: determine a second moment at which the synchronization of
the second frequency frame is completed, and determine a time difference between the first moment and the second
moment.
[0115] The sending unit 304 is configured to report the time difference between the first moment and the second
moment to a base station.
[0116] The frame synchronization unit 301 is specifically configured to: determine, according to the receive time
difference and the first moment, a start moment for scanning a receive beam corresponding to the second frequency
frame, scan the receive beam at the start moment determined by the determining unit, and receive data sent by using
the second frequency frame, to complete the synchronization of the second frequency frame.
[0117] The frame synchronization unit 301 is specifically configured to: determine a third moment according to a sum
of the receive time difference and the first moment, and determine that the start moment is at least before the third moment.
[0118] The obtaining unit 303 is specifically configured to: receive time difference indication information sent by a base
station, where the time difference indication information carries a transmit time difference, and the transmit time difference
is a time difference between a transmit moment of the second frequency frame and a transmit moment of the first
frequency frame; and calculate the receive time difference according to the transmit time difference.
[0119] The obtaining unit 303 is specifically configured to:
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on which
the second frequency frame arrives at the user equipment, d1 is a value of a transmission path on which the first frequency
frame arrives at the user equipment, c is a speed of light, and δ is the transmit time difference.
[0120] The obtaining unit 303 is specifically configured to: receive scenario indication information delivered by the
base station, determine a scenario of the user equipment according to the scenario indication information, and determine
a value of (d2-d1) according to the scenario of the user equipment.
[0121] The obtaining unit 303 is specifically configured to receive the receive time difference sent by user equipment
in a same cell.
[0122] The obtaining unit 303 is specifically configured to receive the receive time difference sent by a base station.
[0123] The obtaining unit 303 is specifically configured to receive a time sequence number X sent by a base station,
and determine an Xth receive time difference in a pre-stored receive time difference table as the receive time difference.
[0124] The obtaining unit 303 is specifically configured to determine the receive time difference according to a pre-
stored value range of the receive time difference.
[0125] It should be noted that a receiving function of the obtaining unit 303 may be implemented by using a receiver
of the user equipment, and the sending unit 304 may be a transmitter of the user equipment, or the transmitter and the
receiver are integrated as a transceiver. The determining unit 302, the obtaining unit 303, and the frame synchronization
unit 301 may be integrated into a processor of the user equipment for implementation, or may be stored in a memory
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of the user equipment in a form of program code. The processor of the user equipment invokes the code stored in the
memory of the user equipment, to execute the foregoing functions of the determining unit 302, the obtaining unit 303,
and the frame synchronization unit 301.
[0126] The user equipment in this embodiment of the present invention receives the low-frequency synchronization
signal sent by the base station, determines, according to the low-frequency synchronization signal, the first moment at
which the first frequency frame is received, obtains the receive time difference (that is, the time difference between the
moment at which the user equipment receives the second frequency frame and the moment at which the user equipment
receives the first frequency frame), determines, according to the receive time difference and the first moment, the start
moment for scanning the corresponding receive beam, and receives data transmitted by using the second frequency
frame, to implement the synchronization of the second frequency frame. In addition, the user equipment determines the
second moment at which the second frequency frame is received, to complete the synchronization of the second frequency
frame. In the prior art, the user equipment does not know when the base station scans a transmit beam, and therefore
is uncertain about a synchronization point of the second frequency frame and cannot implement time synchronization
between the user equipment and the base station. According to the method provided in the present invention, the receive
moment of the second frequency frame can be determined, so that time synchronization of the second frequency frame
is implemented in a high-low frequency hybrid communications system.

Embodiment 5

[0127] This embodiment of the present invention provides a base station, including a determining unit 401 and a
sending unit 402, as shown in FIG. 10.
[0128] The determining unit 401 is configured to determine a receive time difference, where the receive time difference
is a time difference between a moment at which first user equipment receives a second frequency frame and a moment
at which the first user equipment receives a first frequency frame.
[0129] The sending unit 402 is configured to send the receive time difference to the first user equipment, so that the
first user equipment completes synchronization of the second frequency frame according to the receive time difference.
[0130] The determining unit 401 is specifically configured to: obtain a transmit time difference, where the transmit time
difference is a time difference between a transmit moment of the second frequency frame and a transmit moment of the
first frequency frame; and
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on which
the second frequency frame arrives at the first user equipment, d1 is a value of a transmission path on which the first
frequency frame arrives at the first user equipment, c is a speed of light, and δ is the transmit time difference.
[0131] As shown in FIG. 11a, the base station further includes a receiving unit 403.
[0132] The receiving unit is configured to receive a difference, reported by the user equipment, between the first
moment and the second moment.
[0133] It should be noted that the receiving unit 403 may be a receiver of the base station, and the sending unit 402
may be a transmitter of the base station, or the transmitter and the receiver are integrated as a transceiver. The determining
unit 401 may be integrated into a processor of the base station for implementation, or may be stored in a memory of the
base station in a form of program code. The processor invokes the code stored in the memory, to execute the foregoing
functions of the determining unit 401.
[0134] The base station in this embodiment of the present invention indicates the receive time difference to the user
equipment, so that the user equipment determines, according to the receive time difference and the first moment, a start
moment for scanning a corresponding receive beam, and receives data transmitted by using the second frequency
frame, to implement the synchronization of the second frequency frame, and determines the second moment at which
the second frequency frame is received, to complete the synchronization of the second frequency frame. In the prior
art, the user equipment does not know when the base station scans a transmit beam, and therefore is uncertain about
a synchronization point of the second frequency frame and cannot implement time synchronization between the user
equipment and the base station. According to the method provided in the present invention, the receive moment of the
second frequency frame can be determined, so that time synchronization of the second frequency frame is implemented
in a high-low frequency hybrid communications system.

Embodiment 6

[0135] This embodiment of the present invention provides user equipment. As shown in FIG. 12, the user equipment
includes a processor 501, a system bus 502, a memory 503, a receiver 504, and a transmitter 505.
[0136] The processor 501 may be a central processing unit (English: central processing unit, CPU for short).
[0137] The memory 503 is configured to store program code and transmit the program code to the processor 501.
The processor 501 executes instructions according to the program code. The memory 503 may include a volatile memory
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(English: volatile memory), for example, a random access memory (English: random access memory, RAM for short).
The memory 503 may include a nonvolatile memory (English: nonvolatile memory), for example, a read-only memory
(English: read-only memory, ROM for short), a flash memory (English: flash memory), a hard disk drive (English: hard
disk drive, HDD for short), or a solid-state drive (English: solid-state drive, SSD for short). The memory 503 may alter-
natively include a combination of the foregoing types of memories. The processor 501 and the memory 503 are connected
and communicate with each other by using the system bus 502.
[0138] The receiver 504 may be implemented by using an optical receiver, an electrical receiver, a radio receiver, or
any combination thereof. For example, the optical receiver may be a small form-factor pluggable (English: small form-
factor pluggable, SFP for short) receiver (English: transceiver), an enhanced small form-factor pluggable (English:
enhanced small form-factor pluggable, SFP+ for short) receiver, or a 10 gigabit small form-factor pluggable (English: 10
Gigabit small form-factor pluggable, XFP for short) receiver. The electrical receiver may be an Ethernet (English: Ethernet)
network interface controller (English: network interface controller, NIC for short). The radio receiver may be a wireless
network interface controller (English: wireless network interface controller, WNIC for short).
[0139] The transmitter 505 may be implemented by using an optical transmitter, an electrical transmitter, a radio
transmitter, or any combination thereof. For example, the optical transmitter may be a small form-factor pluggable
transmitter, an enhanced small form-factor pluggable transmitter, or a 10 gigabit small form-factor pluggable transmitter.
The electrical transmitter may be an Ethernet network interface controller. The radio transmitter may be a wireless
network interface controller.
[0140] The processor 501 is configured to: complete synchronization of a first frequency frame; determine a first
moment of the synchronization of the first frequency frame; obtain a receive time difference, where the receive time
difference is a time difference between a moment at which the user equipment receives a second frequency frame and
a moment at which the user equipment receives the first frequency frame; and complete synchronization of the second
frequency frame according to the receive time difference and the first moment.
[0141] The processor 501 is further configured to: determine a second moment at which the synchronization of the
second frequency frame is completed, and determine a time difference between the first moment and the second moment.
[0142] The transmitter 505 is configured to report the time difference between the first moment and the second moment
to a base station.
[0143] The processor 501 is specifically configured to: determine, according to the receive time difference and the
first moment, a start moment for scanning a receive beam corresponding to the second frequency frame, scan the
receive beam at the start moment determined by the processor 501, and receive data sent by using the second frequency
frame, to complete the synchronization of the second frequency frame.
[0144] The processor 501 is specifically configured to: determine a third moment according to a sum of the receive
time difference and the first moment, and determine that the start moment is at least before the third moment.
[0145] The receiver 504 is specifically configured to: receive time difference indication information sent by a base
station, where the time difference indication information carries a transmit time difference, and the transmit time difference
is a time difference between a transmit moment of the second frequency frame and a transmit moment of the first
frequency frame; and calculate the receive time difference according to the transmit time difference.
[0146] The processor 501 is specifically configured to:
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on which
the second frequency frame arrives at the user equipment, d1 is a value of a transmission path on which the first frequency
frame arrives at the user equipment, c is a speed of light, and δ is the transmit time difference.
[0147] The receiver 504 is specifically configured to receive the receive time difference sent by user equipment in a
same cell.
[0148] The receiver 504 is specifically configured to receive the receive time difference sent by a base station.
[0149] The receiver 504 is specifically configured to receive a time sequence number X sent by a base station, and
determine an Xth receive time difference in a pre-stored receive time difference table as the receive time difference.
[0150] The user equipment in this embodiment of the present invention receives a low-frequency synchronization
signal sent by the base station, determines, according to the low-frequency synchronization signal, the first moment at
which the first frequency frame is received, obtains the receive time difference (that is, the time difference between the
moment at which the user equipment receives the second frequency frame and the moment at which the user equipment
receives the first frequency frame), determines, according to the receive time difference and the first moment, the start
moment for scanning the corresponding receive beam, receives data transmitted by using the second frequency frame,
to implement the synchronization of the second frequency frame. In addition, the user equipment determines the second
moment at which the second frequency frame is received, to complete the synchronization of the second frequency
frame. In the prior art, the user equipment does not know when the base station scans a transmit beam, and therefore
is uncertain about a synchronization point of the second frequency frame and cannot implement time synchronization
between the user equipment and the base station. According to the method provided in the present invention, the receive
moment of the second frequency frame can be determined, so that time synchronization of the second frequency frame
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is implemented in a high-low frequency hybrid communications system.

Embodiment 7

[0151] This embodiment of the present invention provides a base station. As shown in FIG. 13, the base station
includes a processor 601, a system bus 602, a memory 603, a receiver 604, and a transmitter 605.
[0152] The processor 601 may be a central processing unit.
[0153] The memory 603 is configured to store program code and transmit the program code to the processor 601.
The processor 601 executes instructions according to the program code. The memory 603 may include a volatile memory,
for example, a random access memory. The memory 603 may include a nonvolatile memory, for example, a read-only
memory, a flash memory, a hard disk, or a solid-state drive. The memory 603 may alternatively include a combination
of the foregoing types of memories. The processor 601 and the memory 603 are connected and communicate with each
other by using the system bus 602.
[0154] The receiver 604 may be implemented by using an optical receiver, an electrical receiver, a radio receiver, or
any combination thereof. For example, the optical receiver may be a small form-factor pluggable receiver, an enhanced
small form-factor pluggable receiver, or a 10 gigabit small form-factor pluggable receiver. The electrical receiver may
be an Ethernet network interface controller. The radio receiver may be a wireless network interface controller.
[0155] The transmitter 605 may be implemented by using an optical transmitter, an electrical transmitter, a radio
transmitter, or any combination thereof. For example, the optical transmitter may be a small form-factor pluggable
transmitter, an enhanced small form-factor pluggable transmitter, or a 10 gigabit small form-factor pluggable transmitter.
The electrical transmitter may be an Ethernet network interface controller. The radio transmitter may be a wireless
network interface controller.
[0156] The processor 601 is configured to determine a receive time difference, where the receive time difference is a
time difference between a moment at which first user equipment receives a second frequency frame and a moment at
which the first user equipment receives a first frequency frame.
[0157] The transmitter 605 is configured to send the receive time difference to the first user equipment, so that the
first user equipment completes synchronization of the second frequency frame according to the receive time difference.
[0158] The processor 601 is specifically configured to: obtain a transmit time difference, where the transmit time
difference is a time difference between a transmit moment of the second frequency frame and a transmit moment of the
first frequency frame; and
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, where d2 is a value of a transmission path on which
the second frequency frame arrives at the first user equipment, d1 is a value of a transmission path on which the first
frequency frame arrives at the first user equipment, c is a speed of light, and δ is the transmit time difference.
[0159] The receiver 604 is configured to receive a time difference, reported by second user equipment, between a
first moment at which the second user equipment receives the first frequency frame and a second moment at which the
second user equipment completes synchronization of the second frequency frame, where the second user equipment
and the first user equipment belong to a same cell.
[0160] The processor 601 is specifically configured to determine the time difference as the receive time difference.
[0161] The base station in this embodiment of the present invention indicates the receive time difference to the user
equipment, so that the user equipment determines, according to the receive time difference and a first moment, a start
moment for scanning a corresponding receive beam, and receives data transmitted by using the second frequency
frame, to implement the synchronization of the second frequency frame. In addition, the user equipment determines a
second moment at which the second frequency frame is received, to complete the synchronization of the second frequency
frame. In the prior art, the user equipment does not know when the base station scans a transmit beam, and therefore
is uncertain about a synchronization point of the second frequency frame and cannot implement time synchronization
between the user equipment and the base station. According to the method provided in the present invention, the receive
moment of the second frequency frame can be determined, so that time synchronization of the second frequency frame
is implemented in a high-low frequency hybrid communications system.
[0162] The foregoing descriptions about implementations allow a person skilled in the art to clearly understand that,
for the purpose of convenient and brief description, merely division of the foregoing function modules is used as an
example for illustration. During actual application, the foregoing functions can be allocated to different modules for
implementation according to a requirement, that is, an inner structure of an apparatus is divided into different function
modules to implement all or some of the functions described above. For a detailed working process of the foregoing
apparatus, refer to a corresponding process in the foregoing method embodiments, and details are not described herein
again.
[0163] The units described as separate parts may or may not be physically separate, and parts displayed as units
may be one or more physical units, that is, may be located in one place, or may be distributed on different places. Some
or all of the units may be selected according to an actual requirement to achieve the objectives of the solutions in the
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embodiments. In addition, function units in the embodiments of the present invention may be integrated into one process-
ing unit, or each of the units may exist alone physically, or two or more units are integrated into one unit. The integrated
unit may be implemented in a form of hardware, or may be implemented in a form of a software function unit.
[0164] When the integrated unit is implemented in the form of a software function unit and sold or used as an independent
product, the integrated unit may be stored in a readable storage medium. Based on such an understanding, the technical
solutions in the present invention essentially, or the part contributing to the prior art, or all or some of the technical
solutions may be implemented in the form of a software product. The software product is stored in a storage medium
and includes several instructions for instructing a device (which may be a single-chip microcomputer, a chip, or the like)
or a processor (processor) to perform all or some of the steps of the methods described in the embodiments of the
present invention. The foregoing storage medium includes: any medium that can store program code, such as a USB
flash drive, a removable hard disk, a read-only memory (ROM, Read-Only Memory), a random access memory (RAM,
Random Access Memory), a magnetic disk, or an optical disc.
[0165] The foregoing descriptions are merely specific implementations of the present invention, but are not intended
to limit the protection scope of the present invention. Any variation or replacement readily figured out by a person skilled
in the art within the technical scope disclosed in the present invention shall fall within the protection scope of the present
invention. Therefore, the protection scope of the present invention shall be subject to the protection scope of the claims.

Claims

1. A frame synchronization method, comprising:

completing, by user equipment, synchronization of a first frequency frame, and determining a first moment of
the synchronization of the first frequency frame, wherein the user equipment supports first-frequency commu-
nication and second-frequency communication;
obtaining, by the user equipment, a receive time difference, wherein the receive time difference is a time dif-
ference between a moment at which the user equipment receives a second frequency frame and a moment at
which the user equipment receives the first frequency frame; and
completing, by the user equipment, synchronization of the second frequency frame according to the receive
time difference and the first moment.

2. The method according to claim 1, wherein after the completing, by the user equipment, synchronization of the second
frequency frame according to the receive time difference and the first moment, the method further comprises:

determining, by the user equipment, a second moment of the synchronization of the second frequency frame; and
determining, by the user equipment, a time difference between the first moment and the second moment, and
reporting the time difference between the first moment and the second moment to a base station.

3. The method according to claim 1, wherein the completing, by the user equipment, synchronization of the second
frequency frame according to the receive time difference and the first moment specifically comprises:

determining, according to the receive time difference and the first moment, a start moment for scanning a receive
beam corresponding to the second frequency frame; and
scanning the receive beam at the start moment, and receiving data sent by using the second frequency frame,
to complete the synchronization of the second frequency frame.

4. The method according to claim 3, wherein the determining, according to the receive time difference and the first
moment, a start moment for scanning a receive beam corresponding to the second frequency frame specifically
comprises:

determining, by the user equipment, a third moment according to a sum of the receive time difference and the
first moment; and
determining, by the user equipment, that the start moment is at least before the third moment.

5. The method according to claim 1, wherein the obtaining, by the user equipment, a receive time difference specifically
comprises:

receiving time difference indication information sent by a base station, wherein the time difference indication
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information carries a transmit time difference, and the transmit time difference is a time difference between a
transmit moment of the second frequency frame and a transmit moment of the first frequency frame; and
calculating the receive time difference according to the transmit time difference.

6. The method according to claim 5, wherein the calculating the receive time difference according to the transmit time
difference specifically comprises:
determining the receive time difference Δ according to Δ=(d2-d1)/c+δ, wherein d2 is a value of a transmission path
on which the second frequency frame arrives at the user equipment, d1 is a value of a transmission path on which
the first frequency frame arrives at the user equipment, c is a speed of light, and δ is the transmit time difference.

7. The method according to claim 6, wherein the method further comprises:

receiving scenario indication information delivered by the base station, and determining a scenario of the user
equipment according to the scenario indication information; and
determining a value of (d2-d1) according to the scenario of the user equipment.

8. The method according to claim 1, wherein the obtaining, by the user equipment, a receive time difference specifically
comprises:

receiving the receive time difference sent by user equipment in a same cell; or
receiving the receive time difference sent by a base station; or
receiving a time sequence number X sent by a base station, and determining an Xth receive time difference in
a pre-stored receive time difference table as the receive time difference, wherein N different receive time dif-
ferences are recorded in the receive time difference table, and N is an integer greater than or equal to 1; or
determining the receive time difference according to a pre-stored value range of the receive time difference.

9. A frame synchronization method, comprising:

determining, by a base station, a receive time difference, wherein the receive time difference is a time difference
between a moment at which first user equipment receives a second frequency frame and a moment at which
the first user equipment receives a first frequency frame; and
sending, by the base station, the receive time difference to the first user equipment, so that the first user
equipment completes synchronization of the second frequency frame according to the receive time difference
and a moment at which the first user equipment completes synchronization of the first frequency frame.

10. The method according to claim 9, wherein the determining, by a base station, a receive time difference specifically
comprises:

obtaining, by the base station, a transmit time difference, wherein the transmit time difference is a time difference
between a transmit moment of the second frequency frame and a transmit moment of the first frequency frame;
and
determining the receive time difference Δ according to Δ=(d2-d1)/c+δ, wherein d2 is a value of a transmission
path on which the second frequency frame arrives at the user equipment, d1 is a value of a transmission path
on which the first frequency frame arrives at the user equipment, c is a speed of light, and δ is the transmit time
difference.

11. The method according to claim 9, wherein the determining, by a base station, a receive time difference specifically
comprises:

receiving a time difference, reported by second user equipment, between a first moment at which the second
user equipment completes synchronization of the first frequency frame and a second moment at which the
second user equipment completes synchronization of the second frequency frame, wherein the second user
equipment and the first user equipment belong to a same cell; and
determining the time difference as the receive time difference.

12. User equipment, wherein the user equipment supports first-frequency communication and second-frequency com-
munication, and comprises:
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a frame synchronization unit, configured to complete synchronization of a first frequency frame;
a determining unit, configured to determine a first moment at which the user equipment completes the synchro-
nization of the first frequency frame; and
an obtaining unit, configured to obtain a receive time difference, wherein the receive time difference is a time
difference between a moment at which the user equipment receives a second frequency frame and a moment
at which the user equipment receives a first frequency frame, wherein
the frame synchronization unit is configured to complete synchronization of the second frequency frame ac-
cording to the receive time difference obtained by the obtaining unit and the first moment determined by the
determining unit.

13. The user equipment according to claim 12, wherein
the determining unit is further configured to determine a second moment at which the synchronization of the second
frequency frame is completed;
the determining unit is further configured to determine a time difference between the first moment and the second
moment; and
a sending unit is configured to report the time difference between the first moment and the second moment to a
base station.

14. The user equipment according to claim 13, wherein
the frame synchronization unit is specifically configured to: determine, according to the receive time difference and
the first moment, a start moment for scanning a receive beam corresponding to the second frequency frame; and
scan the receive beam at the start moment determined by the determining unit, and receive data sent by using the
second frequency frame, to complete the synchronization of the second frequency frame.

15. The user equipment according to claim 14, wherein the frame synchronization unit is specifically configured to:
determine a third moment according to a sum of the receive time difference and the first moment, and determine
that the start moment is at least before the third moment.

16. The user equipment according to claim 12, wherein the obtaining unit is specifically configured to:

receive time difference indication information sent by a base station, wherein the time difference indication
information carries a transmit time difference, and the transmit time difference is a time difference between a
transmit moment of the second frequency frame and a transmit moment of the first frequency frame; and
calculate the receive time difference according to the transmit time difference.

17. The user equipment according to claim 16, wherein the obtaining unit is specifically configured to:
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, wherein d2 is a value of a transmission path on
which the second frequency frame arrives at the user equipment, d1 is a value of a transmission path on which the
first frequency frame arrives at the user equipment, c is a speed of light, and δ is the transmit time difference.

18. The user equipment according to claim 17, wherein
the obtaining unit is specifically configured to: receive scenario indication information delivered by the base station,
determine a scenario of the user equipment according to the scenario indication information, and determine a value
of (d2-d1) according to the scenario of the user equipment.

19. The user equipment according to claim 12, wherein the obtaining unit is specifically configured to receive the receive
time difference sent by user equipment in a same cell; or
receive the receive time difference sent by a base station; or
receive a time sequence number X sent by a base station, and determine an Xth receive time difference in a pre-
stored receive time difference table as the receive time difference, wherein N different receive time differences are
recorded in the receive time difference table, and N is an integer greater than or equal to 1; or
determine the receive time difference according to a pre-stored value range of the receive time difference.

20. A base station, comprising:

a determining unit, configured to determine a receive time difference, wherein the receive time difference is a
time difference between a moment at which first user equipment receives a second frequency frame and a
moment at which the first user equipment receives a first frequency frame; and
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a sending unit, configured to send the receive time difference to the first user equipment, so that the first user
equipment completes synchronization of the second frequency frame according to the receive time difference
and a moment at which the first user equipment completes synchronization of the first frequency frame.

21. The base station according to claim 20, wherein
the determining unit is specifically configured to: obtain a transmit time difference, wherein the transmit time difference
is a time difference between a transmit moment of the second frequency frame and a transmit moment of the first
frequency frame; and
determine the receive time difference Δ according to Δ=(d2-d1)/c+δ, wherein d2 is a value of a transmission path on
which the second frequency frame arrives at the first user equipment, d1 is a value of a transmission path on which
the first frequency frame arrives at the first user equipment, c is a speed of light, and δ is the transmit time difference.

22. The base station according to claim 20, further comprising a receiving unit, wherein
the receiving unit is configured to receive a time difference, reported by second user equipment, between a first
moment at which the second user equipment receives the first frequency frame and a second moment at which the
second user equipment completes synchronization of the second frequency frame, wherein the second user equip-
ment and the first user equipment belong to a same cell; and
the determining unit is specifically configured to determine the time difference as the receive time difference.
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